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BOX PCT 

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

PRELIMINARY AMENDMENT A 
PRIOR TO ACTION 

APPLICANT(S): Oliver BLECK, et al. 

ATTORNEY DOCKET NO.: P01 ,0284 

INTERNATIONAL APPLICATION NO: PCT/DEOO/00608 

INTERNATIONAL FILING DATE: 01 MARCH 2000 

INVENTION: METHOD AND ARRANGEMENT FOR MEASURING 
DISTRIBUTION FUNCTIONS FOR DETERMINING 
THE SIGNAL QUALITY IN OPTICAL TRANSMISSION 
SYSTEMS 

Assistant Commissioner for Patents, 
Washington D.C. 20231 

Sir: 

Applicants herewith amend the above-referenced PCT application, and 
request entry of the Amendment prior to examination on the United States 
Examination Phase. 

IN THE CLAIMS: 

On amended page 12: 

replace line 1 with -WHAT IS CLAIMED IS:-; 

Please replace original claims 1-13 with the following rewritten claims 1-13, 
referring to the mark-ups in Appendix A. 



1 . (Amended) A method of measuring a distribution function for determining 
a signal quality in optical transmission systems, comprising the steps of: 

sampling an optical binary signal in a working channel with a first threshold 
value, producing first sampling values; 

additionally sampling said optical binary signal in a measuring channel with a 
second threshold value during a plurality of measuring intervals in which in each 
case said second threshold value is varied, producing second sampling values; 
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comparing respective said first sampling values with said second sampling 
values, producing comparison values; 

integrating or summating said comparison values to produce, for each 
measuring interval, a summated comparison value; 

storing said summated comparison values; 

determining a distribution function of said comparison values as a function of 
said second variable threshold value after an adequate number of said measuring 
intervals; and 

improving said signal quality or optimizing said optical transmission system 
utilizing said distribution function. 

2. (Amended) A method of measuring a distribution function for determining 
a signal quality in optical transmission systems, comprising the steps of: 

sampling an optical binary signal in a working channel with a first threshold 
value, producing first sampling values; 

additionally sampling said optical binary signal in a measuring channel with a 
second threshold value during a plurality of measuring intervals in which in each 
case said second threshold value is varied, producing second sampling values; 

determining, for each said measuring interval, a first summated value in said 
measuring channel by integrating sampled logical zeros or ones; 

storing said first summated values; 

determining, for each measuring interval, a number of bits received as a 
summated bit value; 

storing said summated bit values; 

determining a probability function, after an adequate number of said 
measuring intervals, as a function of said variable second threshold value for an 
occurrence of a binary state from said stored first summated values and associated 
said summated bit values; and 

improving said signal quality or optimizing said optical transmission system 
utilizing said distribution function. 
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3. (Amended) A method of measuring a distribution function for determining 
a signal quality in optical transmission systems, comprising the steps of: 

sampling an optical binary signal in a working channel with a first threshold 
value, producing first sampling values; 

additionally sampling said optical binary signal in a measuring channel with a 
second threshold value during a plurality of measuring Intervals in which in each 
case said second threshold value is varied, producing second sampling values; 

determining, for each said measuring Interval, a first summated value In said 
measuring channel by Integrating sampled logical zeros or ones; 

storing said first summated values; 

determining, for each measuring Interval, a second summated value in said 
working channel by integrating received zeros or ones; 
storing said second summated values; 

determining a probability function, after an adequate number of said 
measuring intervals, as a function of said variable second threshold value for an 
occurrence of a binary state from said stored first summated values and associated 
said second summated values; and 

improving said signal quality or optimizing said optical transmission system 
utilizing said distribution function. 

4. (Amended) The method as claimed in claim 3, further comprising the steps 

of: 

forming, after each measuring Interval, a difference value between said first 
summated value determined In said measuring channel, and said second summated 
value determined in the working channel; 

storing said difference values for said measuring Intervals; and 
determining, from said difference values, a probability function for and 
occurrence of logical sampled values. 

5. (Amended) The method as claimed in claim 4, further comprising the step 

of: 
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determining a probability distribution for an occurrence of logical sampled 
values that considers said second summated values in the working channel or said 
summated value of the bits respectively assessed during a measuring interval. 

6. (Amended) The method as claimed in claim 1 , wherein measuring 
intervals of different lengths are used. 

7. (Amended) The method as claimed in claim 1 , wherein said sampling is 
synchronous. 

8. (Amended) The method as claimed in claim 1, wherein said sampling 
takes place in parallel in a plurality of measuring channels with different threshold 
values. 

9. (Amended) The method as claimed in claim 8, wherein said sampling 
takes place in parallel in a plurality of measuring channels with different threshold 
values during only one measuring interval. 

10. (Amended) The method as claimed in claim 1 , further comprising the 
step of changing a sampling instant in the measuring channel after each measuring 
interval. 

1 1 . (Amended) The method as claimed in claim 1 , further comprising the 
steps of: 

measuring probability distributions with differently set dispersion values; 
storing measurement results; and 

obtaining, from said stored measurement results, an at least approximately 
optimum value for dispersion compensation. 

12. (Amended) The method as claimed in claim 1 , further comprising the 
steps of: 

determining a probability density distribution; and 
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deriving criteria for an assessment or optimization of signal quality are derived 
from said probability density distribution. 

1 3. (Amended) An arrangement for measuring the signal quality of WDM 
signals, comprising: 

a channel selection circuit, with which a WDM channel is in each case 
selected; 

an optoelectronic conversion device that converts an optical signal; and 
a measuring device that is fed a signal after conversion by said optoelectronic 
conversion device that utilizes a probability distribution and determines a signal-to- 
noise ration as a main signal parameter. 

Please add the following new claims 14-27. 

14. (New) The method as claimed in claim 2, wherein measuring intervals of 
different lengths are used. 

15. (New) The method as claimed in claim 3, wherein measuring intervals of 
different lengths are used. 

16. (New) The method as claimed in claim 2, wherein said sampling is 
synchronous. 

17. (New) The method as claimed in claim 3, wherein said sampling is 
synchronous. 

18. (New) The method as claimed in claim 2, wherein said sampling takes 
place in parallel in a plurality of measuring channels with different threshold values. 

19. (New) The method as claimed in claim 3, wherein said sampling takes 
place in parallel in a plurality of measuring channels with different threshold values. 
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20. (New) The method as claimed in claim 18, wherein said sampling takes 
place in parallel in a plurality of measuring channels with different threshold values 
during only one measuring interval. 

21. (New) The method as claimed in claim 19, wherein said sampling takes 
place in parallel in a plurality of measuring channels with different threshold values 
during only one measuring interval. 

22. (New) The method as claimed in claim 2, further comprising the step of 
changing a sampling instant in the measuring channel after each measuring interval. 

23. (New) The method as claimed in claim 3, further comprising the step of 
changing a sampling instant in the measuring channel after each measuring interval. 

24. (New) The method as claimed in claim 2, further comprising the steps of: 
measuring probability distributions with differently set dispersion values; 
storing measurement results; and 

obtaining, from said stored measurement results, an at least approximately 
optimum value for dispersion compensation. 

25. (New) The method as claimed in claim 3, further comprising the steps of: 
measuring probability distributions with differently set dispersion values; 
storing measurement results; and 

obtaining, from said stored measurement results, an at least approximately 
optimum value for dispersion compensation. 

26. (New) The method as claimed in claim 2, further comprising the steps of: 
determining a probability density distribution; and 

deriving criteria for an assessment or optimization of signal quality are derived 
from said probability density distribution. 

27. (New) The method as claimed in claim 3, further comprising the steps of: 
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determining a probability density distribution; and 

deriving criteria for an assessment or optimization of signal quality are derived 
from said probability density distribution. 
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REMARKS 



The present Amendment revises the specification and claims to conform to 
United States patent practice, before examination of the present PCT application in 
the United States National Examination Phase. Pursuant to 37 CFR 1.125 (b), 
applicants have concurrently submitted a substitute specification, excluding the 

10 claims, and provided a marked-up copy. All of the changes are editorial and 
applicant believes no new matter is added thereby. The amendment, addition, 
and/or cancellation of claims is not intended to be a surrender of any of the subject 
matter of those claims. 

Early examination on the merits is respectfully requested. 

15 Submitted by, 



Mark Bergner ^ 
Schiff Hardin & Waite 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6473 
(312) 258-5779 
Attorneys for Applicant 




(Reg. No. 45.8771 
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Appendix A 
Mark Dps for Claim Amendments 



1 . (Amended) A method of measuring a distribution function for determining 
[the]a signal quality in optical transmission systems, rm^wMehl comprisina the steps 
gt 

sampling an optical binary signal[ is sampled] in a working channel with a 
first threshold value[ (S w ) and i&A , producing first sampling values: 

additionally [samRte^l sampling said optical binary signal In a measuring 
channel with a second threshold vaiirp[ (ciu)^ thon tho campled bits arc compared 
and the comparison valu o s (VP) derived from this are integrated, charactorizod in 
feaMh e bina r> ^ s i gnal (BS) io oa m pied in tho m e a su ring channel] during a plurality of 
measuring intervalsHJnwhich in each case fytfitti-al said second thresiiold value 
is varied [ se cond t h ro G hol d v al u B-(S¥)], fw-ttefl producing second sampling 
values: 

comparing respective said first sampling values witti said second 
sampling values, producing comparison values: 

integratin g or summating said comparison values to produce, for each 
measuring interval^ a summated comparison value[-4jW ) is determine d by inte g ration 
of the co mp a rison values (VP ), in th a t th e Ji 

storing said summated comparison values [ (IW) a re st o red a n d in that,]j_ 

determining a distribution function of said comparison values as a 
function o f said second variable tiireshold value after an adequate number of 
said measuring intervals[T4he] ; and 

improving sa id signal gualitv or optimizing said optical transmission 
system utilizing said distribution function[ ( V ( s )) of the comp ari so n v alues (V P) i s 
determfn e d as a funct i on of tho va r ia ble thres ho ld va lu e (Sv) ]. 

2. (Amended) A method of measuring a distribution function for determining 
[the]a signal quality in optical transmission systems, pn w hichl comprising the steps 
of: 
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sampling an optical binary signal [ (BS) is samplod] in a worl<ing channel with 
a first threshold valuef (Sw) and is sampled l , producing first sampling values: 

additionally sampling said optical binary signal in a measuring channel 
with a second threshold value[ (Sv), charactorized in that the binary signal (BS) is 
5 sam p le d in tho m e asur in g c hann el ] during a plurality of measuring intervalsHJn 
which in each case [with-al said second threshold value is varied , producing 
second rthresholdl sampling values[ (Sv), in tjqtat]^ 

determining , for each said measuring interval, a first summated value [(IV) is 
deter m ifie#-]in [tl^l said measuring channel by [ intec i Fat i o n ef-thel integrating 
10 sampled logical zeros or ones[, in that th e Ji 

storing said first summated values[ (IV) are sto red, in thatJ i 
determining , for each measuring interval, [the]a number of bits received [Is 
d e termined ]as a summated bit value[ (IB) and in t hat t h o] i 

storing said summated bit values[ (IB) are stored and]i 
15 [tiR4hat1 determining a probability function , after an adequate number of 

said measuring intervals, [the p robabilit y fu ncti on (WV( S v), WW(Sv)) is determined 
]as a function of [tl^]said variable second t hreshold value [(Sv) ]for [thelan 
occurrence of a binary state from [tlq^el said stored first summated values[-(iV)] and 
associated said summated bit valuesi [ftB^^l and 
20 improving said signal guality or optimizing said optical transmission 

system utilizing said distribution function. 

3. (Amended) A method of measuring a distribution function for determining 
[the]a signal quality in optical transmission systems, [in whieh l comprising the steps 
25 of: 

sampling an optical binary signal [ (BS ) is s a mp led] in a working channel with 
a first threshold value [ (Sw) and is sampledl , producing first sampling values; 

additionally sampling said optical binary signal in a measuring channel 

with a second threshold value[ (Sv), characterized in that the binary signal (BS) is 

30 sampl e d i n the measuring channel ] during a plurality of measuring 

[interval S il intervals in which in each case rwitfr-a] said second threshold value is 

varied , producing second [threshold value (Sv)^ in thatl sampling values; 
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determining , for each said measuring interval, a first summated value [ (IV) is 
determined ] in rthel said measuring channel by rintegration of tho l inteqratinq 
sampled logical zeros or ones[ , in that the Ji 

storing said first summated values[ (IV) arc stored, in that ]i 
5 determining , for each measuring inten/al, a second summated value [ (IE) is 

determined Jin [thel said working channel by [integration of th ol integratinq received 
zeros [afid/lor ones [, in that the] - 

storing said second summated values [ (IE) are stored and in that Jx 

determining a probability function , after an adequate number of said 
10 measuring intervals, [ the probability function (WV(Sv), WW(Sv)) is determined ] as a 
function of [ti^l said variable second threshold value [^Sv)-]for [tl=te1an occurrence of 
a binary state from [thel said stored first summated values [tfsA-Jand associated 
said second summated values^ [#E4r1 and 

improving said signal quality or optimizing said optical transmission 
15 system utilizing said distribution function. 

4. (Amended) The method as claimed in claim 3, [characterized in 
ttot] further comprising the steps of: 

forming , after each measuring interval, [the]a difference value between 
20 [thel said first summated value [(P/)7-]determlned in [thel said measuring channel, 
and [thel said second summated value [4IE>r-]determined in the working channel[r4s 
fo rm sd ]^ 

rin that thel storing said difference values for [the]sajd measuring intervals[ 
are buffer-storedjj;, and [ in that] 
25 determining, from said difference values, a probability function [ WD(Sv) 

jfor [thejand occurrence of logical sampled[ values (0,1) is determined fro m th e 
differ e nce ] values. 

5. (Amended) The method as claimed in claim 4, [ ch a racter i zed i n 
30 thatl further comprising the step of: 

determining a probability distribution [(WW) jfor [the]an occurrence of logical 

sampled values [(0,1 ) is d etermined , ta ki n g i nto account thel that considers said 
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second summated values [(i€)-]in the working channel or [the]said summated value[ 
(IB)] of the bits respectively assessed during a measuring interval. 



6. (Amended) The method as claimed in [one of th e pr e c e ding claims, 
5 ch a r a cterized in thatl claim 1. wherein measuring intervals of different lengths are 
used. 



7. (Amended) The method as claimed in [one o^the preceding c l aims, 
characterized in that al claim 1, wherein said sampling is synchronous[ sampling 
of the binary signals (B$) takes place]. 



8. (Amended) The method as claimed in [one of the preceding claims, 
characterized in that the l claim 1, wherein said sampling takes place in parallel in a 
plurality of measuring channels with different threshold values[ (Sv1 to Svn) ]. 

15 

9. (Amended) The method as claimed in claim 8, [characte riz e d in that 
the] wherein said sampling takes place in parallel in a plurality of measuring 
channels with different threshold values[ (Sv1 to Svn)] during only one measuring 
interval. 

20 

1 0. (Amended) The method as claimed In r0f>e] claim 1, further 
comprising the step of [t he preced ing clai ms, ch aracterized in that in the 
measurin g channel th e ] changlng a sampling instant [ is c hanqed ] in the measuring 
channel after each measuring interval. 

25 

1 1 . (Amended) The method as claimed In r0ne] claim 1. further 
comprising the steps of[ claims 1 to 8, characterized in that the measurements of 
the]: 

measuring probability distributions [ take place ]with differently set dispersion 
30 values[ , in that ihe] i 

storing measurement results[ are buffer -] : and 
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obtaining, from said stored [and in that l measurement results, an at least 
approximately optimum value for [tJ=te-]dispersion compensation [ is obtained from 

5 12. (Amended) The method as claimed in T one of claims 1 to 1 1 . 

charactorized in that l claim 1. further comprising the steps of: 

determining a probability density distribution[ (P(S), WD(S), WDI(S)) is 
determined ]; and 

deriving criteria for [the]an assessment [afld/]or optimization of [the-]signal 
10 quality are derived from fttl said probability density distribution . 

13. (Amended) A n arrangement for measuring the signal quality of WDM 
signals, [characterized in that I comprising: 

a channel selection circuit[ (1 0 ) i s pro v i ded ], with which a WDM channel is in 
15 each case selected! 

an optoelectronic conversion device that converts an optical signal; and 

a measuring device that is fed a signal after conversion by said 
optoelectronic conversion [to a measuring ]device [(13), in ]that ft^m] utilizes a 
probability distribution [Is-feeasured in a way corre s ponding to one of claims 1 to 11 
20 ]and [ in that at least the ] determines a signal-to-noise [ ratio is measuredl ration as 
[the]a main signal parameter. 

Document comparison done by DeltaView on Tuesday, September 25, 2001 
08:31:54 
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SPECIFICATION 

METHOD AND ARRANGEMENT FOR MEASURING DISTRIBUTION 
FUNCTIONS FOR DETERMINING THE SIGNAL QUALITY IN OPTICAL 
TRANSMISSION SYSTEMS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

rooon The invention relates to methods for measuring distribution 
functions for determining the signal quality in an optical transmission systems. A 
suitable arrangement makes it possible to measure the statistical properties and 
main signal parameters. The measurement results can be used for improving the 
signal quality, for example^, for optimizing the dispersion compensation. 
[On tho baois of tho moasuromonts of distribution functions, stat e montsJ IOOOg] 

Statements concerning the quality of a received binary signal, and 
consequently also the properties of the transmission system and the transmission 
link, can be made based on [th o bas i s of] statistical evaluations aiid 
measurements of distribution functions . These statements can in turn be 
used for optimizing the system, for example^ for setting an optimum sampling 
instant, for setting an optimum sampling threshold^ or for dispersion 
•compensation. 

Description of the Related Art 

[00031 German patent document [Corman Offonlogungsschrift] BE 195 
04 896 A1 discloses [a monitoring of the] signal quality monitoring of 
transparent optical networks in which a random signal sampling [of a signal] is 
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performed. The random amplitude samples obtained In this way are evaluated 
[by moans of] using a known statistical method, [in an oarlior patent appl i cation, 
application number ...1 German patent document BE 198 17 078.8y further 
develops this method [is further dovolopod in that] bv evaluating only the outer 
edges of a probability density function derived from the measurement results fare 
evaluated] . This allowsjor example^ the bit error rate to be estimated. However, 
tthe} this method [doscrib o d her e ] requires very fast sampling and storing 
capabilities. 

[In US Patonti r00041 United States patent number 5,585,954 [th o re is a 
d e scr i ption of] describes an arrangement for measuring the error rate in the 
case of different decision-circuit threshold values based on [tho basis of] a 
predetermined pseudo-random sequence, used for determining the transmission 
characteristic. However, the data transmission has to be interrupted for this 
purpose. The measured bit error rate is only conditionally suitable for 
establishing non-linear effects. 

fOOOSI In a paper by Hitoshi Takashita and Naoya Henmi Optical Fiber 
Communication Conference (OFC) 99, San Diego, California, FJ 2-1, pp. 149 - 
1 51 , M an article fV^ titled "A novel data format free bit-by-bit quasi-error 
monitoring method for optical transport [network"] network" de scribes the use 
of a receiving circuit with two sampling circuits which have different thresholds ^ts 
used]. By sampling the binary signal with two different thresholds, a quasi bit 
error rate is measured and a direct correlation with the bit error rate is 
established. No further statistical statements are made. 

SUMMARY OF THE INVENTION 
roooei The object of the invention is to [sp e cify] provide measuring 
methods [by which] for determining distribution functions which can be 
statistically evaluated [can bo dot o rminod.] . 

[In fu rther c u bobjocts, thejlOOOT] Further inventive objects include providing 

an application for improving the signal quality, for example^ by optimizing the 
dispersion compensation, and a suitable measuring arrangement [aro to b e 
sp o cified.] . 
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rOn thoi rOOOSI Building on a basis of the article described above fV^^A 
novel data format free bit-by-bit quasi-error monitoring method for optical 
transport rnotwork"1 network" , the main object is achieved [according to the 
methods spocifiod in tho indopondont patent claimc 1 , 2 and 3.] by_an 
embodiment of a method of measuring a distribution function for 
determining a signal gualitv in optical transmission systems, comprising 
the steps of sampling an optical binary signal in a working channel with a 
first threshold value, producing first sampling values: additionally 
sampling the optical binary signal in a measuring channel with a second 
threshold value during a plurality of measuring intervals in which in each 
case the second threshold value is varied, producing second sampling 
values; comparing respective the first sampling values with the second 
sampling values, producing comparison values: integrating or summating 
the comparison values to produce, for each measuring interval, a 
summated comparison value: storing the summated comparison values: 
determining a distribution function of the comparison values as a function 
of the second variable threshold value after an adeouate number of the 
measuring intervals: and improving the signal guaiitv or optimizing the 
optical transmission system utilizing the distribution function. 

[An app l ication of tho m o thodsi r00091 In a further embodiment, the 
inventive object is achieved by a method of measuring a distribution 
function for determining a signal gualitv in optical transmission systems, 
comprising the steps of sampling an optical binary signal in a working 
channel with a first threshold value, producing first sampling values; 
additionally sampling the optical binary signal in a measuring channel with 
a second threshold value during a plurality of measuring intervals in which 
in each case the second threshold value is varied, producing second 
sampling values: determining, for each the measuring interval, a first 
summated value in the measuring channel by integrating sa mpled logical 
zeros or ones; storing the first summated values: determining, for each 
measuring interval, a number of bits received as a summate d bit value; 
storing the summated bit values: determining a probability function, after 
an adeguate number of the measuring intervals, as a function of the 
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variable second threshold value for an occurrence of a binary state from 



the stored first summated values and associated the summated bit values; 



and improving the signal quality or optimizing the optical transmission 
system utilizing the distribution function. 

5 rOOIOI In a further embodiment, the inventive object is achieved by a 
method of measuring a distribution function for determining a signal 
guality in optical transmission systems, comprising the steps of sampling 
an optical binary signal in a working channel with a first threshold value, 
producing first sampling values: additionally sampling the optical binary 

10 signal in a measuring channel with a second threshold value during a 

plurality of measuring intervals in which in each case the second threshold 
value is varied, producing second sampling values: determining, for each 
the measuring interval, a first summated value in the measuring channel by 
Integrating sampled logical zeros or ones; storing the first summated 

15 values; determining, for each measuring interval, a second summated 

value in the working channel by integrating received zeros or ones; storing 
the second summated values; determining a probability function, after an 
adeguate number of the measuring intervals, as a function of the variable 
second threshold value for an occurrence of a binary state from the stored 

20 first summated values and associated the second summated values: and 
improving the signal guality or optimizing the optical transmission system 
utilizing the distribution function. 

room The above methods can be applied by a method that further 
comprises the steps of measuring probability distributions with differently 
25 set dispersion values; storing measurement results; and obtaining, from 
the stored measurement results, an at least approximately optimum value 

for dispersion compensation [is specif i ed in claim 1 1 and an ] . 

r0012l These methods may be utilized in an inventive arrangement for 

measuring the signal quality [is spocifi o d in tho i ndspondont claim 13. 

30 ^ of WDM signals, comprising a channel selection circuit, with which a WDM 
channel is in each case selected; an optoelectronic conversion device that 
converts an optical signal; and a measuring device that is fed a signal after 
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conversion by the optoelectronic conversion device that utilizes a 
probability distribution and determines a siqnal-to-noise ration as a main 
signal parameter. 

r00131 It is advantageous in the case of the first described method 
5 [according to c l aim 1] that, by varying the threshold of a second decision circuit 
from measuring interval to measuring interval and by comparison of the sampled 
data, a probability distribution is measured and can be used to determine the 
distribution density function for the occurrence of specific receiving levels at the 
sampling instants - the sampled values. It is advantageous for the sampling to 
10 be followed by an integration of the binary decisions, so that only simple and slow 
processing is required. 

r00141 A particularly advantageous design of the invention dispenses with 
the comparison of the bits sampled with different thresholds and counts 
Kinteq rat e s )1 (integrations) within each measuring interval the bits assessed in 

15 the case of a specific threshold as logical ones (or as logical zeros) and also the 
number of bits. In the case of unbalanced codings, the number of logical ones 
(or logical zeros) in the working channel can also be assessed^ in order to avoid 
fluctuations when there are different distributions of the binary states. The 
probability function is again determined from a large number of measurements 

20 with different sampling thresholds. 

r00151 The use of a plurality of measuring channels with different sampling 
thresholds allows the measuring time to be reduced considerably. 

r00161 On the basis of the distribution curves measured, the quality of the 

received binary signal, and consequently the properties of the optical 
25 transmission system, can be concluded. The knowledge gained can be used for 
optimizing the system, for example^ the sampling and the dispersion 
compensation. 

r00171 A suitable measuring device can carry out, in time-division multiplex 

mode, both the main signal parameters such as wavelength, power, signal-to- 
30 noise ratio and also statistical measurements. 



- 5 - Mark Up Substitute Specification 



DESCRIPTION OF THE DRAWINGS 
r00181 The invention is explained in more detail on the basis of exemplary 
embodiments and drawings described below. 

Figure 1 is a schematic block diagram showingf v 

5 I n th e drawing: 

figure 1 shows] a measuring device for measuring {th^ a probability 
distributionyi 

[figur e 2 shows] Figure 2 is a graph showing a probability density distribution 
Hn dop o ndoncol based on different threshold values^rli 
10 [f i gure 3 shows] Figure 3 is a graph showing a probability distribution 
measured with a circuit according to rfiauro 1.1 Figure 1; 
[flaur o A shows] Figure 4 Is a schematic block diagram showing a further 

measuring device for { 
^measuring the probability distributionyi 
15 rfiauro 5 shows] Figure 5 is a graph showing an ideal probability density 
distributionyi 

[figure 6 shows] Figure 6 is a graph showing a measured probability 

distribution for different threshold valuesHi 
[f i gure 7 shows] Figure 7 is a graph showing a probability density derived from 
20 this measured probability distribution: 

Figure 8 is a graph showingf y 

figur e 8 shows] a probability distribution of the binary states[7]i 
[figure 9 shows] Figure 9 is a graph showing the associated distribution 
density^i 

25 [figur e 10 shows] Figure 10 is a schematic block diagram showing a 

variant of the further measuring device for faster measurementyi 
[figur e 1 1 shows] Figure 11 is a graph showing probability density 

distributions [in dcpond e nc o ] based on the dispersion^r]; 
[figure 12 shows] Figure 12 is a graph showing the determination of the 
30 optimum dispersion compensation feftd4 : and 

[figure 13 shows! Figure 13 is a schematic block diagram showing a 

measuring arrangement. 
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DETAILED DESCRIPTION OF THE INVENTION 



r00191 A measuring device for assessing the signal quality is represented 
in [figure] Figure 1 . It includes a first sampling stage 1 in the ["working 
channei".1 "workinq channel", which (at the instant of the effective edge of the 

5 clock signal C1] samples the electrical binary signal BS present in the base band 
with a first, at least approximately optimum, threshold value Sw (w - working 
channel). The adjustable threshold value Sw expediently lies approximately 
midway between the two Ideal signal levels, which represent fthe} a logical one 
and fthej a logical zero. In parallel with this, the sampling by [moans] way of a 

10 second measuring sampling stage 2 takes place at the same time in a 
["m o asurina channol"1 "measurinq channel" , the threshold value Sv (v - 
variable) [of which is] being likewise variable. The outputs of the two sampling 
stages are combined via an exclusive-OR gate 3, which gives as an output signal 
a comparison value, which is a logical 1 in the case of unequal sampling [r e su l ts 

15 is l ogical 1] . Within a measuring interval, the comparison values VD are 

summated by a (digital or analog) integrator 4. The summated comparison value 
flWJ Iw determined in this way is then written to a memory 5 of an evaluation unit 
(not represented) with an interval clock signal Tl, which also re-sets the counters. 
r00201 This operation is repeated for, [for example] e^, 200 different 

20 threshold values, until a distribution function that is as accurate as possible is 
obtained between the smallest and largest possible sampled value or threshold 
value. 

r002n For better understanding, [firstly] the distribution density of sampled 

values of a received binary signal is represented in [figure] Figure 2. This would 
25 be obtained - by contrast with the measurement with the device according to 
[figure] Figure 1 - if the amplitudes of the sampled values were measured 
directly. The horizontal axis gives the possible amplitudes of the sampled values 
Si; the distribution density P(Si) for the occurrence of sampled values with 
specific amplitudes S is represented on the vertical axis. 

30 r00221 For the distribution density, ^ 
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[00231 In the case of a depicted amplitude value S50, a first maximum 
occurs. This amplitude value corresponds approximately to the mean value for 
the logical zero. With Increasing amplitude values, the distribution function 
decreases again, until It reaches a new maximum in the case of an amplitude 
5 value S1 50, which represents the average amplitude value for the logical one. 
The function subsequently falls again. 

f00241 In the case of the measurement carried out with a measuring 

arrangement according to [figur e ] Figure 1 , however, [as alr e ady descr i b e d,] the 
individual amplitude values are no longer sampled and stored, since this would 

10 require very fast circuits. Bv contrast, [it is ass o ss o di an assessment is made 
as to whether or not the sampled values in the two sampling stages coincide. 
Since, according to [figur e ] Figure 1 , the unequal sampled values are integrated, 
a minimum Is obtained In the case of the distribution function V(S) determined in 
[figur e ] Figure 3 when the sampling threshold values Sw and Sv are identical. If 

15 the variable threshold value Sv is now reduced, deviations will occur ever more 
frequently as the difference between the threshold values increases. A very low 
variable threshold value Sv of the second decision-circuit stage 2 will therefore 
almost always bring about fafi] a threshold overshoot [of tho thresho l d] . 
Consequently, logical ones will predominate as sampled values in the measuring 

20 channel, although a logical zero was received as the bitfr] (its levels however^ 

being above the threshold). With threshold values lying above the held-constant 
threshold value Sw and continuing to increase, an increase of the distribution 
function is likewise obtained, since from [now] this point on the sampling stage 
of the measuring channel emits the logical zero more frequently, since the 

25 required level is not reached by a logical one of the binary signal. 

r00251 Since, in the case of the measuring device according to [f i gure] 
Figure 1 , all of the sampled values lying above (or below) the variable threshold 
value Sv1 are assessed, the measured distribution function, ffiqwe^ Figure 3. 
corresponds to the integral of the distribution density function according to [f i gure] 
30 Figure 2. Or. to put it another wav. ffigwe4 Figure 2 is the absolute value of the 
derivative of the function represented in [figure] Figure 3. An integration value 
IW1 for two specific threshold values Sw and Sv1 is depicted as an example. 
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[Only if the variabl e thr e sho l d is chang e d in very fin e stag e s is ai r00261 A 
relatively exact, and therefore smooth, distribution curve is obtained only if the 
variable threshold is changed in very fine stages . However, this Is also only 
the case whenever the measurements are adequately exact and are not subject 
5 to statistical fluctuations. The measuring Intervals for the different sampling 
threshold values should therefore be chosen to correspond to the different 
summated comparison values. When only a few differences occur, the 
measuring intervals are Increased, whereas when frequent differences occur the 
measuring intervals can be reduced. 

10 F00271 The evaluation of the distribution density curves can take place in a 
way corresponding to fthe} a known method. It is generally customary to 
calculate a signal quality parameter Q: 



r00281 

r00291 where A = b - a is the signal amplitude and era and ab are the 

15 Standard deviations in the case of an assumed Gaussian distribution. 

F00301 More details can [b e tak e n from th e earli e r applicat i on] found in 

German patent document DE 19 812 078.8 or C. Glingener: 
r'Mod e l l i e runq V 'Modellierunq und Simulation faseroptischer Netze mit 
Wellenla [ng e nmultipl e x" (model l ing and simulation of fiber optic networks with 
20 wav e l e ngth division multiplex i ngi ngenmultiplex" (Modelling and Simulation of 
Fiber-optic Nefryorks with Wavelength Division Multiplexinql : WFT-Verlag, 
1 998, pages 1 02 to 1 1 8 , both incorporated herein by reference. 

[OOSUf 

} A further particularly advantageous device for measuring a 

25 probability distribution, from which the distribution density can likewise be 
derived, is represented in [figur e ] Figure 4. This circuit again contains two 
sampling stages 1 and 2, but up to three counters or integrators 6, 7 and 8. The 
first counter 6 counts the number IB of bits during a measuring interval, the 
summated bit value. The second counter 7 is connected in the working channel 
30 to the output Is of the sampling stage 1 and counts the number of logical ones, 
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referred to as the second summated value IE, during a measuring interval. The 
third counter 8 is connected in the measuring channel to the output of the second 
sampling stage 2 and likewise counts the number IV of bits VE assessed with 
logical one in the case of different threshold values Sv, the first summated value 
5 IV. The summated values IB, IE and IV are fed at the end of a measuring interval 
to an intermediate processing device 9, in which the normalization takes place, or 
are initially written to the memory and are later normalized and processed. After 
that, the measuring operation is repeated with a changed sampling threshold, 
until the probability distribution WV(S) represented in [figure] Figure 6 can be 
10 determined. 

ftf 4r00321 If one initially assumes an equal distribution of logical ones and 
zeros of the binary signal BS [ i s init i ally assum e d] , the probability density WD(S) 
represented in [f i gure] Figure 5 would be obtained [in an e valuation of] when 
evaluating the sampled values. 

1 5 [With th e i r00331 The measuring device according to [figure] Figure 4, 

however, measures the probability of the occurrence of a specific binary state fis 
m e asur e d] . If^ at the beginning^ such a low threshold value is used that all of the 
received signal values in the measuring channel lie above the threshold and are 
therefore assessed as logical ones, a greatest possible probability is determined. 

20 If the threshold value is then increased from measuring interval to measuring 
interval, the probability will initially be reduced steadily until, in the case of an 
average threshold value - assuming an equal distribution of logical zeros and 
ones - it lies around 0.5, to then decrease again to zero. The determination of 
the number of bits during a measuring interval serves for normalizing the 

25 measurement results in the case of measuring intervals of unequal length. For 
the probability distribution of logical zeros in the measuring channel, a 
complementary distribution function depicted by dashed lines would be obtained. 

[00341 In a way corresponding to the relationships already indicated in the 
case of the measuring arrangement according to [figur e ] Figure 1 , it is possible^ 
30 by differentiating the distribution function according to [figur e ] Figure 6 and 

forming an absolute value^ to determine the probability density WDI according to 
[figure] Figure 7, which is r"inverse"1 "inverse" to the distribution density of the 
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sampled values of the signal (or the probability density function of the logical 
zeros is determined^ or this problem is avoided by absolute value formation). 

[00351 In the case of the measuring arrangement, it is immaterial whether 
the occurrence of logical ones or logical zeros is assessed. As an alternative to 
5 the counting of the bits within a measuring interval, both sampled values zero 
and one can also be counted, since they go together to make up the total number 
of bits received. If there is an equal distribution of logical ones and zeros, it is 
also possible to dispense with the counter 7 summating the logical ones. On the 
other hand, the counter is requiredy in order to eliminate the influence of an 
10 unequal distribution of zeros and ones to the greatest extent by forming the 
quotient of the summated values in the measuring channel and in the working 
channel. 

r00361 In a way corresponding to [figur e ] Figure 8, the difference between 
the summated values IE - IV can also be evaluated for a binary state, here fthej a 

15 logical one, for f 

}the first sampling stage 1 and the measuring sampling stage 2. This measure 
has approximately the same effect as that of the circuit indicated in [figur e ] 
Figure 1 : the differences between the working channel and the measuring 
channel are assessed. The difference formation can be combined with the 

20 quotient formation. In comparison with [f i gur e ] Figure 6, there is a horizontal 
shift of the probability distribution function WW. The probability function can 
again be used to determine the probability density distribution represented in 
[figure] Figure 9, which is particularly suitable for the evaluation. Since, 
however, the two functions can be mathematically transformed into each other, in 

25 principle the evaluation of the distribution function is also always possible. 

r00371 A measuring device allowing a reduction in the measuring time 
required overall for creating a probability distribution is represented in [f i gure] 
Figure 10. If only one sampling stage with a variable threshold is provided, this 
threshold must be changed after each measuring interval for a new 
30 measurement. If, on the other hand, a plurality of sampling stages 21 to 2n with 
different threshold values Sv1 - Svn are used, a plurality of measurements can 
be carried out simultaneously and the total measuring time can be 
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correspondingly reduced. Only a little additional hardware expenditure Is 
required for the sampling [f l ipflops] flip-flops and integrators 81 to 8n. The same 
also applies correspondingly to the measuring arrangement according to [figure 
1 ■ For r e asons of costs, it] Figure 1 . It is not yet economical to create an 
5 arrangement with the same number of sampling stages as the number of 
necessary threshold [valu e s. If that w e r e the case] values — however in such 
an arrangement , only one measuring interval would be required. 

f00381 For further measuring purposes, [[lacuna]] an embodiment of the 

arrangement may change the sampling instant of the measuring/sampling stage 
10 [by m e ans of] using a phase shifter 16 [(figur e l fFigure 4), to which a clock signal 
fLV] CLV leading the regular clock signal {G4^ CL is fed. If this measure is 
additionally carried out, the entire eye pattern can be acquired on the basis of 
statistical measurements. 

r00391 The dependence of the distribution density function in the case of 

15 different dispersion values is represented in [figure] Figure 11. If there is a 
change in dispersion, the spacing of the maxima of the distribution density 
function changes. When a transmission system is being installed or optimized, 
the dispersion is increased or reduced - starting from a value of zero - with the 
aid of an adjustable dispersion compensator/emulator 15 connected into the 

20 signal path. The measurement of the probability distribution and the 

determination of the spacing AS between the maxima of the values for zero and 
one subsequently takes place in each case. If there are relatively great 
deviations of the dispersion from the optimum, there is a reduction in the 
spacings of the maxima for the occurrence of the sampled values assigned to the 

25 two binary signal values, both in the case of negative deviations and in the case 
positive deviations of the dispersion. In dependence on the change in dispersion, 
given in ps/nm (picoseconds/nanometer), the spacings between the maxima of 
the distribution density function are given on the y-axis in [figure] Figure 12. The 
optimization is carried out by [evaluation of] evaluating the spacing function AS. 

30 For example, in a way corresponding to [figure] Figure 1 2, the falling edges of 
the measuring curve are extended; their point of intersection determines the 
optimum dispersion. The measuring curves are again obtained with an 
arrangement according to [figur e ] Figures 1 , 4 or 1 0. 
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[Alt e rnativ e ly,... can... [lacuna] 

}[00401 The measuring arrangement for wavelength-division multiplex 
signals (WDM signals) is represented in [figur e ] Figure 1 3. Part of the binary 
signal is branched off by an optical coupler 9 and fed via a [tunabl e] tuneable 
5 filter 10 and an optoelectronic transducer 12 to a measuring and evaluation unit 
13 as an electrical baseband signal. This unit measures the most important 
channel parameters^ (such as channel power, wavelength, signal-to-noise ratio);, 
but also carries out statistical measurements of the signal quality, as described 
above, in order [for oxamplo] . e.g.. to be able to make statements concerning the 
10 bit error rate, which are transferred to a management system TMN. 

f 00411 The main part of the measuring device is an optical spectrum 

analyzer, with which main properties such as the level, wavelength and signal-to- 
noise ratio can be determined. The [tunablo] tuneable filter acts as a 
multiplexing devicey to allow the measurements to be carried out with 
15 reasonable expenditure. The wavelength of the tuned filter can be set with 
adequate accuracy with the aid of a calibrating device 1 1 . 

r00421 A controller 14 undertakes the successive testing of the individual 
WDM channels with the aid of a channel selection circuit 17f74ft which 
determines the type of measurement. In the case of statistical measurements, it 
20 also determines the duration of the measuring intervals. 

r00431 The above-described method and apparatus are illustrative of 
the principles of the present invention. Numerous modifications and 
adaptations will be readily apparent to those skilled in this art without 
departing from the spirit and scope of the present invention. 

25 
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ABSTRACT 

[M e thod and arrang e ment for m e asuring th e signal qual i ty in optical 
n e tworks 

}A received binary signal (BS) is sampled with different thresholds, the 
sampling results are integrated and stored. The measured probability 
distributions or probability density distributions can be used to draw conclusions 
concerning the signal qualityy (for example^ the bit error ratey) and to optimize 
the system. 

[Figure A] 
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SPECIFICATION 
TITLE 

METHOD AND ARRANGEMENT FOR MEASURING DISTRIBUTION 
FUNCTIONS FOR DETERMINING THE SIGNAL QUALITY IN OPTICAL 
TRANSMISSION SYSTEMS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to methods for measuring distribution 
functions for determining the signal quality in an optical transmission systems. A 
suitable arrangement makes it possible to measure the statistical properties and 
main signal parameters. The measurement results can be used for improving 
the signal quality, for example, for optimizing the dispersion compensation. 
[0002] Statements concerning the quality of a received binary signal, and 
consequently also the properties of the transmission system and the 
transmission link, can be made based on statistical evaluations and 
measurements of distribution functions. These statements can in turn be used 
for optimizing the system, for example, for setting an optimum sampling instant, 
for setting an optimum sampling threshold, or for dispersion compensation. 

Description of the Related Art 

[0003] German patent document DE 195 04 896 A1 discloses signal 

quality monitoring of transparent optical networks in which a random signal 
sampling is performed. The random amplitude samples obtained in this way are 
evaluated using a known statistical method. German patent document DE 198 
17 078.8 further develops this method by evaluating only the outer edges of a 
probability density function derived from the measurement results. This allows, 
for example, the bit error rate to be estimated. However, this method requires 
very fast sampling and storing capabilities. 

[0004] United States patent number 5,585,954 describes an arrangement 

for measuring the error rate in the case of different decision-circuit threshold 
values based on a predetermined pseudo-random sequence, used for 
determining the transmission characteristic. However, the data transmission has 
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to be interrupted for this purpose. The measured bit error rate is only 
conditionally suitable for establishing non-linear effects. 
[0005] In a paper by Hitoshi Takashita and Naoya Henmi Optical Fiber 

Communication Conference (OFC) 99, San Diego, California, FJ 2-1, pp. 149 - 
1 51 , an article titled "A novel data format free bit-by-bit quasi-error monitoring 
method for optical transport network" describes the use of a receiving circuit with 
two sampling circuits which have different thresholds. By sampling the binary 
signal with two different thresholds, a quasi bit error rate is measured and a 
direct correlation with the bit error rate is established. No further statistical 
statements are made. 

SUMMARY OF THE INVENTION 
[0006] The object of the invention is to provide measuring methods for 
determining distribution functions which can be statistically evaluated. 
[0007] Further inventive objects include providing an application for 

improving the signal quality, for example, by optimizing the dispersion 
compensation, and a suitable measuring arrangement. 
[0008] Building on a basis of the article described above "A novel data 

format free bit-by-bIt quasi-error monitoring method for optical transport network", 
the main object is achieved by an embodiment of a method of measuring a 
distribution function for determining a signal quality in optical transmission 
systems, comprising the steps of sampling an optical binary signal in a working 
channel with a first threshold value, producing first sampling values; additionally 
sampling the optical binary signal in a measuring channel with a second 
threshold value during a plurality of measuring intervals in which in each case the 
second threshold value is varied, producing second sampling values; comparing 
respective the first sampling values with the second sampling values, producing 
comparison values; integrating or summating the comparison values to produce, 
for each measuring interval, a summated comparison value; storing the 
summated comparison values; determining a distribution function of the 
comparison values as a function of the second variable threshold value after an 
adequate number of the measuring intervals; and improving the signal quality or 
optimizing the optical transmission system utilizing the distribution function. 
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[0009] In a further embodiment, the inventive object is achieved by a 

method of measuring a distribution function for determining a signal quality in 
optical transmission systems, comprising the steps of sampling an optical binary 
signal in a working channel with a first threshold value, producing first sampling 
5 values; additionally sampling the optical binary signal in a measuring channel 
with a second threshold value during a plurality of measuring intervals in which in 
each case the second threshold value is varied, producing second sampling 
values; determining, for each the measuring interval, a first summated value in 
the measuring channel by integrating sampled logical zeros or ones; storing the 

10 first summated values; determining, for each measuring interval, a number of bits 
received as a summated bit value; storing the summated bit values; determining 
a probability function, after an adequate number of the measuring intervals, as a 
function of the variable second threshold value for an occurrence of a binary 
state from the stored first summated values and associated the summated bit 

15 values; and improving the signal quality or optimizing the optical transmission 
system utilizing the distribution function. 

[0010] In a further embodiment, the inventive object is achieved by a 

method of measuring a distribution function for determining a signal quality in 
optical transmission systems, comprising the steps of sampling an optical binary 

20 signal in a working channel with a first threshold value, producing first sampling 
values; additionally sampling the optical binary signal in a measuring channel 
with a second threshold value during a plurality of measuring intervals in which in 
each case the second threshold value is varied, producing second sampling 
values; determining, for each the measuring interval, a first summated value in 

25 the measuring channel by integrating sampled logical zeros or ones; storing the 
first summated values; determining, for each measuring interval, a second 
summated value in the working channel by integrating received zeros or ones; 
storing the second summated values; determining a probability function, after an 
adequate number of the measuring intervals, as a function of the variable second 

30 threshold value for an occurrence of a binary state from the stored first 

summated values and associated the second summated values; and improving 
the signal quality or optimizing the optical transmission system utilizing the 
distribution function. 
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[001 1] The above methods can be applied by a method that further 
comprises the steps of measuring probability distributions with differently set 
dispersion values; storing measurement results; and obtaining, from the stored 
measurement results, an at least approximately optimum value for dispersion 
5 compensation. 

[0012] These methods may be utilized in an inventive arrangement for 

measuring the signal quality of WDM signals, comprising a channel selection 
circuit, with which a WDM channel is in each case selected; an optoelectronic 
conversion device that converts an optical signal; and a measuring device that is 
10 fed a signal after conversion by the optoelectronic conversion device that utilizes 
a probability distribution and determines a signal-to-noise ration as a main signal 
parameter. 

[0013] It is advantageous in the case of the first described method that, by 
varying the threshold of a second decision circuit from measuring interval to 

1 5 measuring interval and by comparison of the sampled data, a probability 

distribution is measured and can be used to determine the distribution density 
function for the occurrence of specific receiving levels at the sampling instants - 
the sampled values. It is advantageous for the sampling to be followed by an 
integration of the binary decisions, so that only simple and slow processing is 

20 required. 

[0014] A particularly advantageous design of the invention dispenses with 
the comparison of the bits sampled with different thresholds and counts 
(integrations) within each measuring interval the bits assessed in the case of a 
specific threshold as logical ones (or as logical zeros) and also the number of 
25 bits. In the case of unbalanced codings, the number of logical ones (or logical 
zeros) in the working channel can also be assessed in order to avoid fluctuations 
when there are different distributions of the binary states. The probability 
function is again determined from a large number of measurements with different 
sampling thresholds. 

30 [0015] The use of a plurality of measuring channels with different sampling 
thresholds allows the measuring time to be reduced considerably. 
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[0016] On the basis of the distribution curves measured, the quality of the 
received binary signal, and consequently the properties of the optical 
transmission system, can be concluded. The knowledge gained can be used for 
optimizing the system, for example, the sampling and the dispersion 
compensation. 

[0017] A suitable measuring device can carry out, in time-division multiplex 
mode, both the main signal parameters such as wavelength, power, signal-to- 
nolse ratio and also statistical measurements. 



DESCRIPTION OF THE DRAWINGS 
10 [0018] The invention is explained in more detail on the basis of exemplary 
embodiments and drawings described below. 

Figure 1 is a schematic block diagram showing a measuring device for 

measuring a probability distribution; 
Figure 2 is a graph showing a probability density distribution based on 
1 5 different threshold values; 

Figure 3 is a graph showing a probability distribution measured with a circuit 

according to Figure 1 ; 
Figure 4 is a schematic block diagram showing a further measuring device 

for measuring the probability distribution; 
20 Figure 5 is a graph showing an ideal probability density distribution; 

Figure 6 is a graph showing a measured probability distribution for different 

threshold values; 

Figure 7 is a graph showing a probability density derived from this measured 

probability distribution; 
25 Figure 8 is a graph showing a probability distribution of the binary states; 
Figure 9 Is a graph showing the associated distribution density; 
Figure 10 is a schematic block diagram showing a variant of the further 

measuring device for faster measurement; 
Figure 11 is a graph showing probability density distributions based on the 
30 dispersion; 

Figure 12 is a graph showing the determination of the optimum dispersion 

compensation; and 
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Figure 13 is a schematic block diagram showing a measuring arrangement. 

DETAILED DESCRIPTION OF THE INVENTION 
[001 9] A measuring device for assessing the signal quality is represented 
in Figure 1 . It includes a first sampling stage 1 in the "working channel", which 
5 (at the instant of the effective edge of the clock signal CI ) samples the electrical 
binary signal BS present in the base band with a first, at least approximately 
optimum, threshold value Sw (w - working channel). The adjustable threshold 
value Sw expediently lies approximately midway between the two ideal signal 
levels, which represent a logical one and a logical zero. In parallel with this, the 

10 sampling by way of a second measuring sampling stage 2 takes place at the 
same time in a "measuring channel", the threshold value Sv (v - variable) being 
likewise variable. The outputs of the two sampling stages are combined via an 
exclusive-OR gate 3, which gives as an output signal a comparison value, which 
is a logical 1 in the case of unequal sampling. Within a measuring interval, the 

1 5 comparison values VD are summated by a (digital or analog) integrator 4. The 
summated comparison value Iw determined in this way is then written to a 
memory 5 of an evaluation unit (not represented) with an interval clock signal Tl, 
which also re-sets the counters. 

[00201 This operation is repeated for, e.g., 200 different threshold values, 
20 until a distribution function that is as accurate as possible is obtained between 
the smallest and largest possible sampled value or threshold value. 

[0021] For better understanding, the distribution density of sampled values 

of a received binary signal is represented in Figure 2. This would be obtained - 
by contrast with the measurement with the device according to Figure 1 - if the 
25 amplitudes of the sampled values were measured directly. The horizontal axis 
gives the possible amplitudes of the sampled values Si; the distribution density 
P(Si) for the occurrence of sampled values with specific amplitudes S is 
represented on the vertical axis. 

[0022] For the distribution density, ^^"^ ■ 

30 [0023] In the case of a depicted amplitude value S50, a first maximum 
occurs. This amplitude value corresponds approximately to the mean value for 
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the logical zero. With increasing amplitude values, the distribution function 
decreases again, until it reaches a new maximum in the case of an amplitude 
value S150, which represents the average amplitude value for the logical one. 
The function subsequently falls again. 

5 [0024] In the case of the measurement carried out with a measuring 

arrangement according to Figure 1, however, the individual amplitude values are 
no longer sampled and stored, since this would require very fast circuits. By 
contrast, an assessment is made as to whether or not the sampled values in the 
two sampling stages coincide. Since, according to Figure 1 , the unequal 

10 sampled values are integrated, a minimum is obtained in the case of the 

distribution function V(S) determined in Figure 3 when the sampling threshold 
values Sw and Sv are identical. If the variable threshold value Sv is now 
reduced, deviations will occur ever more frequently as the difference between the 
threshold values increases. A very low variable threshold value Sv of the second 

1 5 decision-circuit stage 2 will therefore almost always bring about a threshold 

overshoot. Consequently, logical ones will predominate as sampled values in the 
measuring channel, although a logical zero was received as the bit (its level, 
however, being above the threshold). With threshold values lying above the 
held-constant threshold value Sw and continuing to increase, an increase of the 

20 distribution function is likewise obtained, since from this point on the sampling 
stage of the measuring channel emits the logical zero more frequently, since the 
required level is not reached by a logical one of the binary signal. 

[0025] Since, in the case of the measuring device according to Figure 1 , 

all of the sampled values lying above (or below) the variable threshold value Sv1 

25 are assessed, the measured distribution function, Figure 3, corresponds to the 
integral of the distribution density function according to Figure 2. Or, to put it 
another way, Figure 2 is the absolute value of the derivative of the function 
represented in Figure 3. An integration value IW1 for two specific threshold 
values Sw and Sv1 is depicted as an example. 

30 [0026] A relatively exact, and therefore smooth, distribution curve is 

obtained only if the variable threshold is changed in very fine stages. However, 
this is also only the case whenever the measurements are adequately exact and 
are not subject to statistical fluctuations. The measuring intervals for the 

- 7 - Substitute Specification 



different sampling threshold values should therefore be chosen to correspond to 
the different summated comparison values. When only a few differences occur, 
the measuring intervals are increased, whereas when frequent differences occur 
the measuring intervals can be reduced. 

5 [0027] The evaluation of the distribution density curves can take place in a 
way corresponding to a known method. It is generally customary to calculate a 
signal quality parameter Q: 



[0028] 

[0029] where A = b - a is the signal amplitude and aa and crb are the 

10 standard deviations in the case of an assumed Gaussian distribution. 

[0030] IVIore details can found in German patent document DE 19 812 

078.8 or C. Glingener. "Modellierung und Simulation faseroptischer Netze mit 
Wellenlangenmultiplex" (Modelling and Simulation of Fiber-optic Networks with 
Wavelength Division Multiplexing]; WFT-Verlag, 1998, pages 102 to 118, both 

15 incorporated herein by reference. 

[0031] A further particularly advantageous device for measuring a 

probability distribution, from which the distribution density can likewise be 
derived, is represented in Figure 4. This circuit again contains two sampling 
stages 1 and 2, but up to three counters or integrators 6, 7 and 8. The first 

20 counter 6 counts the number IB of bits during a measuring interval, the 

summated bit value. The second counter 7 is connected in the working channel 
to the output is of the sampling stage 1 and counts the number of logical ones, 
referred to as the second summated value IE, during a measuring interval. The 
third counter 8 is connected in the measuring channel to the output of the second 

25 sampling stage 2 and likewise counts the number IV of bits VE assessed with 
logical one in the case of different threshold values Sv, the first summated value 
IV. The summated values IB, IE and IV are fed at the end of a measuring 
interval to an intermediate processing device 9, in which the normalization takes 
place, or are initially written to the memory and are later normalized and 

30 processed. After that, the measuring operation is repeated with a changed 
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sampling threshold, until the probability distribution WV(S) represented in Figure 
6 can be determined. 

[0032] If one initially assumes an equal distribution of logical ones and 

zeros of the binary signal BS, the probability density WD(S) represented in 
5 Figure 5 would be obtained when evaluating the sampled values. 

[0033] The measuring device according to Figure 4, however, measures 
the probability of the occurrence of a specific binary state. If, at the beginning, 
such a low threshold value is used that all of the received signal values in the 
measuring channel lie above the threshold and are therefore assessed as logical 

1 0 ones, a greatest possible probability is determined. If the threshold value is then 
increased from measuring interval to measuring interval, the probability will 
initially be reduced steadily until, in the case of an average threshold value - 
assuming an equal distribution of logical zeros and ones - it lies around 0.5, to 
then decrease again to zero. The determination of the number of bits during a 

1 5 measuring interval serves for normalizing the measurement results in the case of 
measuring intervals of unequal length. For the probability distribution of logical 
zeros in the measuring channel, a complementary distribution function depicted 
by dashed lines would be obtained. 

[0034] In a way corresponding to the relationships already indicated in the 

20 case of the measuring arrangement according to Figure 1 , it is possible, by 
differentiating the distribution function according to Figure 6 and forming an 
absolute value, to determine the probability density WDI according to Figure 7, 
which is "inverse" to the distribution density of the sampled values of the signal 
(or the probability density function of the logical zeros is determined, or this 
25 problem is avoided by absolute value formation). 

[0035] In the case of the measuring arrangement, it is Immaterial whether 

the occurrence of logical ones or logical zeros is assessed. As an alternative to 
the counting of the bits within a measuring interval, both sampled values zero 
and one can also be counted, since they go together to make up the total 
30 number of bits received. If there is an equal distribution of logical ones and 
zeros, it is also possible to dispense with the counter 7 summating the logical 
ones. On the other hand, the counter is required in order to eliminate the 
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influence of an unequal distribution of zeros and ones to the greatest extent by 
forming the quotient of the summated values in the measuring channel and in the 
working channel. 

[0036] In a way corresponding to Figure 8, the difference between the 

5 summated values IE - IV can also be evaluated for a binary state, here a logical 
one, for the first sampling stage 1 and the measuring sampling stage 2. This 
measure has approximately the same effect as that of the circuit indicated in 
Figure 1: the differences between the working channel and the measuring 
channel are assessed. The difference formation can be combined with the 

1 0 quotient formation. In comparison with Figure 6, there is a horizontal shift of the 
probability distribution function WW. The probability function can again be used 
to determine the probability density distribution represented in Figure 9, which is 
particularly suitable for the evaluation. Since, however, the two functions can be 
mathematically transformed into each other, in principle the evaluation of the 

15 distribution function is also always possible. 

[0037] A measuring device allowing a reduction in the measuring time 
required overall for creating a probability distribution is represented in Figure 10. 
If only one sampling stage with a variable threshold is provided, this threshold 
must be changed after each measuring interval for a new measurement. If, on 

20 the other hand, a plurality of sampling stages 21 to 2n with different threshold 
values Sv1 - Svn are used, a plurality of measurements can be carried out 
simultaneously and the total measuring time can be correspondingly reduced. 
Only a little additional hardware expenditure is required for the sampling flip-flops 
and integrators 81 to 8n. The same also applies correspondingly to the 

25 measuring arrangement according to Figure 1 . It is not yet economical to create 
an arrangement with the same number of sampling stages as the number of 
necessary threshold values — however, in such an arrangement, only one 
measuring interval would be required. 

[0038] For further measuring purposes, an embodiment of the 

30 arrangement may change the sampling instant of the measuring/sampling stage 
using a phase shifter 16 (Figure 4), to which a clock signal CLV leading the 
regular clock signal CL is fed. If this measure is additionally carried out, the 
entire eye pattern can be acquired on the basis of statistical measurements. 
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[0039] The dependence of the distribution density function in the case of 
different dispersion values is represented in Figure 1 1 . if there is a change in 
dispersion, the spacing of the maxima of the distribution density function 
changes. When a transmission system is being installed or optimized, the 
5 dispersion is increased or reduced - starting from a value of zero - with the aid of 
an adjustable dispersion compensator/emulator 15 connected into the signal 
path. The measurement of the probability distribution and the determination of 
the spacing AS between the maxima of the values for zero and one subsequently 
takes place in each case. If there are relatively great deviations of the dispersion 

1 0 from the optimum, there is a reduction in the spacings of the maxima for the 

occurrence of the sampled values assigned to the two binary signal values, both 
in the case of negative deviations and in the case positive deviations of the 
dispersion. In dependence on the change in dispersion, given in ps/nm 
(picoseconds/nanometer), the spacings between the maxima of the distribution 

15 density function are given on the y-axis in Figure 12. The optimization is carried 
out by evaluating the spacing function AS. For example, in a way corresponding 
to Figure 12, the falling edges of the measuring curve are extended; their point of 
intersection determines the optimum dispersion. The measuring curves are 
again obtained with an arrangement according to Figures 1, 4 or 10. 

20 [0040] The measuring arrangement for wavelength-division multiplex 
signals (WDM signals) is represented in Figure 13. Part of the binary signal is 
branched off by an optical coupler 9 and fed via a tuneable filter 10 and an 
optoelectronic transducer 12 to a measuring and evaluation unit 13 as an 
electrical baseband signal. This unit measures the most important channel 

25 parameters (such as channel power, wavelength, signal-to-noise ratio), but also 
carries out statistical measurements of the signal quality, as described above, in 
order, e.g., to be able to make statements concerning the bit error rate, which are 
transferred to a management system TMN. 

[0041] The main part of the measuring device is an optical spectrum 

30 analyzer, with which main properties such as the level, wavelength and signal-to- 
noise ratio can be determined. The tuneable filter acts as a multiplexing device 
to allow the measurements to be carried out with reasonable expenditure. The 
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wavelength of the tuned filter can be set with adequate accuracy with the aid of a 
calibrating device 1 1 . 

[0042] A controller 1 4 undertakes the successive testing of the individual 
WDM channels with the aid of a channel selection circuit 17 which determines 
5 the type of measurement. In the case of statistical measurements, it also 
determines the duration of the measuring intervals. 

[0043] The above-described method and apparatus are illustrative of the 
principles of the present invention. Numerous modifications and adaptations will 
be readily apparent to those skilled in this art without departing from the spirit 
1 0 and scope of the present invention. 
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ABSTRACT 

A received binary signal (BS) is sampled witli different thresliolds, the 
sampling results are integrated and stored. The measured probability 
distributions or probability density distributions can be used to draw conclusions 
concerning the signal quality (for example, the bit error rate) and to optimize the 
system. 
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Description / I 

Method and arrangement for measuring the signal quality 
in an optical transmission system 

The invention relates to a method and an arrangement 
for measuring the signal quality in an optical 
transmission system. The results can be used for 
improving the signal quality, for example for 
optimizing the dispersion compensation. 

On the basis of the measurements of statistical 
properties of a received binary signal, statements can 
be made concerning its quality, and consequently also 
the properties of the transmission system and the 
transmission link. These statements can in turn be 
used for optimizing the system, for example for setting 
an optimum sampling instant, an optimum sampling 
threshold or for dispersion compensation. 

German Of f enlegungsschrif t DE 195 04 8 96 Al discloses a 
monitoring of the signal quality of transparent optical 
networks in which a random sampling of a signal is 
performed. The random amplitude samples obtained in 
this way are evaluated by means of a known statistical 
method. In an earlier patent application, application 
number ... DE 198 17 078. 8, this method is further 
developed in that only the outer edges of a probability 
density function derived from the measurement results 
are evaluated. This allows for example the bit error 
rate to be estimated. However, the method described 
here requires very fast sampling and storing 
capabilities . 



35 In a paper by Hitoshi Takashita and Naoya Henmi Optical 
Fiber Communication Conference (OFC) 99, San Diego, 
California, FJ 2-1, pp. 149 - 151, in an article "A 
novel data format free ' bit-by-bit quasi-error 
monitoring method for 
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optical transport network" a receiving circuit with two 
sampling circuits which have different thresholds is 
used. Measurements are used to establish a direct 
correlation between the bit error rate and the 
comparison results of the two sampling circuits. No 
further statistical statements are made. 

The object of the invention is to specify measuring 
methods by which distribution functions which can be 
statistically evaluated can be determined. 

In further subobjects, the application ,for improving 
the signal quality, for example by optimizing the 
dispersion compensation, and a suitable measuring 
arrangement are to be specified. 

The main object is achieved [lacuna] method specified 
in independent patent claims 1 and 2 . 

An application of the method for dispersion 
compensation is specified in claim 10 and an 
arrangement for measuring the signal quality is 
specified in the independent claim 12. 

It is advantageous in the case of the method according 
to claim 1 that, by varying the threshold of a second 
decision circuit from measuring interval to measuring 
interval and by comparison of the sampled data, a 
probability distribution is measured and can be used to 
determine the distribution density function for the 
occurrence of specific receiving levels at the sampling 
instants - the sampled values. It is advantageous for 
the sampling to be followed by an integration of the 
binary decisions, so that only simple and slow 
processing is required. 

A particularly advantageous design of the invention 
dispenses with the comparison of the bits sampled with 
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different thresholds and counts (integrates) within 
each 
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measuring interval the bits assessed in the case of a 
specific threshold as logical ones (or as logical 
zeros) and also the number of bits. In the case of 
unbalanced codings, the number of logical ones (or 
5 logical zeros) in the working channel can also be 
assessed, in order to avoid fluctuations when there are 
different distributions of the binary states. The 
probability function is again determined from a large 
number of measurements with different sampling 
10 thresholds. 

The use of a plurality of measuring channels with 
different sampling thresholds allows the measuring time 
to be reduced considerably. 

15 

On the basis of the distribution curves measured, the 
quality of the received binary signal, and consequently 
the properties of the optical transmission system, can 
be concluded. The knowledge gained can be used for 
20 optimizing the system, for example the sampling and the 
dispersion compensation. 

A suitable measuring device can carry out, in time- 
division multiplex mode, both the main signal 
25 parameters such as wavelength, power, signal-to-noise 
ratio and also statistical measurements. 

The invention is explained in more detail on the basis 
of exemplary embodiments. 

30 

In the drawing: 

figure 1 shows a measuring device for measuring the 
probability distribution, 
35 figure 2 shows a probability density distribution in 
dependence on different threshold values, 
figure 3 shows a probability distribution measured 
with a circuit according to figure 1, 
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figure 4 shows a further measuring device for 

measuring the probability distribution, 

figure 5 shows an ideal probability density 
distribution, 

5 figure 6 shows a measured probability distribution for 
different threshold values, 
figure 7 shows a probability density derived from 
this, 

figure 8 shows a probability distribution of the 
10 binary states, 

figure 9 shows the associated distribution density, 

figure 10 shows a variant of the further measuring 
device for faster measurement, 

figure 11 shows probability density distributions in 
15 dependence on the dispersion, 

figure 12 shows the determination of the optimum 
dispersion compensation and 

figure 13 shows a measuring arrangement. 

20 A measuring device for assessing the signal quality is 
represented in figure 1. It includes a first sampling 
stage 1 in the "working channel", which at the instant 
of the effective edge of the clock signal CI samples 
the electrical binary signal BS present in the base 

25 band with a first, at least approximately optimum, 
threshold value Sw (w - working channel) . The 
adjustable threshold value Sw expediently lies 
approximately midway between the two ideal signal 
levels, which represent the logical one and the logical 

30 zero. In parallel with this, the sampling by means of 
a second measuring sampling stage 2 takes place at the 
same time in a "measuring channel", the threshold value 
Sv (v - variable) of which is likewise variable. The 
outputs of the two sampling stages are combined via an 

35 exclusive-OR gate 3, which gives as an output signal a 
comparison value, which in the case of unequal sampling 
results is logical 1. Within a measuring interval, the 
comparison values VD are summated by a (digital or 
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analog) integrator 4. The summated comparison value IW 
determined in this way is then written to a memory 5 of 
an evaluation unit (not represented) with an interval 
clock signal TI, which also re-sets the counters. 
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This operation is repeated for, for example, 200 
different threshold values, until a distribution 
function that is as accurate as possible is obtained 
between the smallest and largest possible sampled value 
or threshold value. 

For better understanding, firstly the distribution 
density of sampled values of a received binary signal 
is represented in figure 2. This would be obtained - 
by contrast with the measurement with the device 
according to figure 1 - if the amplitudes of the 
sampled values were measured directly. The horizontal 
axis gives the possible amplitudes of the sampled 
values Si; the distribution density P(Si) for the 
occurrence of sampled values with specific amplitudes S 
is represented on the vertical axis. 

YSi 

For the distribution density, 

In the case of a depicted amplitude value S50, a first 
maximum occurs. This amplitude value corresponds 

approximately to the mean value for the logical zero. 
With increasing amplitude values, the distribution 
function decreases again, until it reaches a new 
maximum in the case of an amplitude value S150, which 
represents the average amplitude value for the logical 
one. The function subsequently falls again. 

In the case of the measurement carried out with a 
measuring arrangement according to figure 1, however, 
as already described, the individual amplitude values 
are no longer sampled and stored, since this would 
require very fast circuits. By contrast, it is 

assessed whether or not the sampled values in the two 
sampling stages coincide. Since, according to figure 
1, the unequal sampled values are integrated, a minimum 
is obtained in the case of the distribution function 
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V{S) determined in figure 3 when the sampling threshold 
values Sw and Sv are identical. If the variable 
threshold value Sv is now reduced, deviations will 
occur ever more frequently as the difference between 
5 the threshold values increases. A very low variable 
threshold value Sv of the second decision-circuit stage 
2 will therefore almost always bring about an 
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overshoot of the threshold. Consequently, logical ones 
will predominate as sampled values in the measuring 
channel, although a logical zero was received as the 
bit, its level however being above the threshold. With 
threshold values lying above the held-constant 
threshold value Sw and continuing to increase, an 
increase of the distribution function is likewise 
obtained, since from now on the sampling stage of the 
measuring channel emits the logical zero more 
frequently, since the required level is not reached by 
a logical one of the binary signal. 

Since, in the case of the measuring device according to 
figure 1, all the sampled values lying above (or below) 
the variable threshold value Svl are assessed, the 
measured distribution function, figure 3, corresponds 
to the integral of the distribution density function 
according to figure 2. Or, to put it another way, 
figure 2 is the absolute value of the derivative of the 
function represented in figure 3. An integration value 
IWl for two specific threshold values Sw and Svl is 
depicted as an example. 

Only if the variable threshold is changed in very fine 
stages is a relatively exact, and therefore smooth, 
distribution curve obtained. However, this is also 
only the case whenever the measurements are adequately 
exact and are not subject to statistical fluctuations. 
The measuring intervals for the different sampling 
threshold values should therefore be chosen to 
correspond to the different summated comparison values. 
When only a few differences occur, the measuring 
intervals are increased, whereas when frequent 
differences occur the measuring intervals can be 
reduced. 

The evaluation of the distribution density curves can 
take place in a way corresponding to the known method. 
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where A = b - a is the signal amplitude and Oa and ab 
are the standard deviations in the case of an assumed 
Gaussian distribution. More details can be taken from 
the earlier application DE 19 812 078.8 or C. 
Glingener: "Modellierung und Simulation f aseroptischer 
Netze mit Wellenlangenmultiplex" (modelling and 
simulation of fiber-optic networks with wavelength 
division multiplexing]; WFT-Verlag, 1998, pages 102 to 
118 . 

A further particularly advantageous device for 
measuring a probability distribution, from which the 
distribution density can likewise be derived, is 
represented in figure 4. This circuit again contains 
two sampling stages 1 and 2, but up to three counters 
or integrators 6, 7 and 8. The first counter 6 counts 
the number IB of bits during a measuring interval, the 
summated bit value. The second counter 7 is connected 
in the working channel to the output is of the sampling 
stage 1 and counts the number of logical ones, referred 
to as the second summated value IE, during a measuring 
interval. The third counter 8 is connected in the 
measuring channel to the output of the second sampling 
stage 2 and likewise counts the number IV of bits VE 
assessed with logical one in the case of different 
threshold values Sv, the first summated value IV. The 
summated values IB, IE and IV are fed at the end of a 
measuring interval to an intermediate processing device 
9, in which the normalization takes place, or are 
initially written to the memory and are later 
normalized and processed. After that, the measuring 
operation is repeated with a changed sampling 
threshold, until the probability distribution WV(S) 
represented in figure 6 can be determined. 

If an equal distribution of logical ones and zeros of 
the binary signal BS is initially assumed, the 
probability density WD(S) represented in figure 5 would 
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be obtained in an evaluation of the sampled values. 

With the measuring device according to figure 4, 
however, the probability of the occurrence of a 
specific binary state is measured. If at the beginning 
such a low threshold value is used 
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that all the received signal values in the measuring 
channel lie above the threshold and are therefore 
assessed as logical ones, a greatest possible 
probability is determined. If the threshold value is 
5 then increased from measuring interval to measuring 
interval, the probability will initially be reduced 
steadily until, in the case of an average threshold 
value - assuming an equal distribution of logical zeros 
and ones - it lies around 0.5, to then decrease again 

10 to zero. The determination of the number of bits 
during a measuring interval serves for normalizing the 
measurement results in the case of measuring intervals 
of unequal length. For the probability distribution of 
logical zeros in the measuring channel, a complementary 

15 distribution function depicted by dashed lines would be 
obtained. 

In a way corresponding to the relationships already 
indicated in the case of the measuring arrangement 

20 according to figure 1, it is possible by 
differentiating the distribution function according to 
figure 6 and forming an absolute value to determine the 
probability density WDI according to figure 7, which is 
"inverse" to the distribution density of the sampled 

25 values of the signal (or the probability density 
function of the logical zeros is determined or this 
problem is avoided by absolute value formation) . 

In the case of the measuring arrangement, it is 
30 immaterial whether the occurrence of logical ones or 
logical zeros is assessed. As an alternative to the 
counting of the bits within a measuring interval, both 
sampled values zero and one can also be counted, since 
they go together to make up the total number of bits 
35 received. If there is an equal distribution of logical 
ones and zeros, it is also possible to dispense with 
the counter 7 summating the logical ones. On the other 
hand, the counter is required, in order to eliminate 
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the influence of an unequal distribution of zeros and 
ones to the greatest extent by forming the quotient of 
the summated values in the measuring channel and in the 
working channel. 

In a way corresponding to figure 8, the difference 
between the summated values IE - IV can also be 
evaluated for a binary state, here the logical one, for 
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the first sampling stage 1 and the measuring sampling 
stage 2 . This measure has approximately the same 
effect as that of the circuit indicated in figure 1: 
the differences between the working channel and the 
5 measuring channel are assessed. The difference 

formation can be combined with the quotient formation. 
In comparison with figure 6, there is a horizontal 
shift of the probability distribution function WW. The 
probability function can again be used to determine the 

10 probability density distribution represented in figure 
9, which is particularly suitable for the evaluation. 
Since, however, the two functions can be mathematically 
transformed into each other, in principle the 
evaluation of the distribution function is also always 

15 possible. 

A measuring device allowing a reduction in the 
measuring time required overall for creating a 
probability distribution is represented in figure 10. 

20 If only one sampling stage with a variable threshold is 
provided, this threshold must be changed after each 
measuring interval for a new measurement. If, on the 
other hand, a plurality of sampling stages 21 to 2n 
with different threshold values Svl - Svn are used, a 

25 plurality of measurements can be carried out 
simultaneously and the total measuring time can be 
correspondingly reduced. Only little additional 

hardware expenditure is required for the sampling 
flipflops and integrators 81 to 8n. The same also 

30 applies correspondingly to the measuring arrangement 
according to figure 1. For reasons of costs, it is not 
yet economical to create an arrangement with the same 
number of sampling stages as the number of necessary 
threshold values. If that were the case, only one 

35 measuring interval would be required. 

To be able to make statements concerning the signal 
quality, instead of, or in addition to, changing the 
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threshold values for the measurements, it is also 
possible to change the sampling instant of the 
measuring/sampling stage by means of a phase shifter 16 
(figure 4), to which a clock signal LV ahead of the 
regular clock signal Cl is fed. If this measure is 
additionally carried out, the entire eye pattern can be 
acquired on the basis of statistical measurements. 



GR 99 P 1578 

- 10 - 

The dependence of the distribution density function in 
the case of different dispersion values is represented 
in figure 11. If there is a change in dispersion, the 
spacing of the maxima of the distribution density 
5 function changes. When a transmission system is being 
installed or optimized, the dispersion is increased or 
reduced - starting from a value of zero - with the aid 
of an adjustable dispersion compensator/emulator 15 
connected into the signal path. The measurement of the 

10 probability distribution and the determination of the 
spacing AS between the maxima of the values for zero 
and one subsequently takes place in each case. If 
there are relatively great deviations of the dispersion 
from the optimum, there is a reduction in the spacings 

15 of the maxima for the occurrence of the sampled values 
assigned to the two binary signal values, both in the 
case of negative deviations and in the case positive 
deviations of the dispersion. In dependence on the 
change in dispersion, given in ps/nm 

20 (picoseconds/nanometer) , the spacings between the 
maxima of the distribution density function are given 
on the y-axis in figure 12. The optimization is 
carried out by evaluation of the spacing function AS. 
For example, in a way corresponding to figure 12, the 

2 5 falling edges of the measuring curve are extended; 
their point of intersection determines the optimum 
dispersion. The measuring curves are again obtained 
with an arrangement according to figure 1, 4 or 10. 
Alternatively, . . . can. . . [lacuna] 

30 

The measuring arrangement for wavelength-division 
multiplex signals (WDM signals) is represented in 
figure 13. Part of the binary signal is branched off 
by an optical coupler 9 and fed via a tunable filter 10 
35 and an optoelectronic transducer 12 to a measuring and 
evaluation unit 13 as an electrical baseband signal. 
This unit measures the most important channel 
parameters, such as channel power, wavelength, signal- 
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to-noise ratio, but also carries out statistical 
measurements of the signal quality, as described above, 
in order for example to be able to make statements 
concerning the bit error rate, which are transferred to 
5 a management system TMN. 
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The main part of the measuring device is an optical 
spectrum analyzer, with which main properties such as 
the level, v/avelength and signal-to-noise ratio can be 
determined. The tunable filter acts as a multiplexing 
5 device, to allow the measurements to be carried out 
with reasonable expenditure. The wavelength of the 
tuned filter can be set with adequate accuracy with the 
aid of a calibrating device 11. 



10 A controller 14 undertakes the successive testing of 
the individual WDM channels with the aid of a channel 
selection circuit 17. It determines the type of 
measurement. In the case of statistical measurements, 
it also determines the duration of the measuring 

15 intervals. 
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:ent claims 

A method of measuring the signal quality in optical 
transmission systems, in which an optical binary 
signal is sampled in a working channel with a first 
threshold value (Sw) and is additionally sampled in 
a measuring channel with a second threshold value, 
then the sampled bits are compared and the 
comparison values (VD) derived from this are 
integrated, characterized in that the binary signal 
(BS) is sampled in the measuring channel during a 
plurality of measuring intervals, in each case with 
different threshold values (Sv) , in that the 
summated comparison values (IW) determined by 
integration of the comparison values (VD) obtained 
in this way are stored and in that, after an 
adequate number of measuring intervals with 
different threshold values (Sv) , the distribution 
function V(s) of the comparison values (VD) is 
determined as a function of the variable threshold 
value (Sv) . 

A method of measuring the signal quality in optical 
transmission systems, in which an optical binary 
signal (BS) is sampled in a working channel with a 
first threshold value (Sw) and is sampled in a 
measuring channel with a second threshold value 
(Sv) , characterized in that the binary signal (BS) 
is sampled in the measuring channel during a 
plurality of measuring intervals, in each case with 
different threshold values (Sv) , in that the number 
of logical zeros and/or ones sampled in the 
measuring channel during each measuring interval is 
integrated and is stored as a first summated value 
(IV), in that the number of bits received during a 
measuring period js determined or measured and is 
stored as a siimmated bit value (IB) and 
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in that, on the basis of the stored summated values 
(IV), the probability function (WV{Sv), WW(Sv)) is 
determined as a function of the variable threshold 
value (Sv) for the occurrence of a binary state. 

A method of measuring the signal quality in optical 
transmission systems, in which an optical binary 
signal (BS) is sampled in a working channel with a 
first threshold value (Sw) and is sampled in a 
measuring channel with a second threshold value 

(Sv) , characterized in that the binary signal (BS) 
is sampled in the measuring channel during a 
plurality of measuring intervals, in each case with 
different threshold values (Sv) , in that the number 
of logical zeros and/or ones sampled in the 
measuring channel during each measuring interval is 
integrated and is stored as a first summated value 

(IV), in that the number of zeros and ones received 
in the working channel during a measuring period is 
measured and is stored as a second summated value 

(IE) and in that, on the basis of the stored 
summated values (IV, IE), the probability function 

(WV(Sv), WW{Sv)) is determined as a function of the 
variable threshold value (Sv) for the occurrence of 
a binary state. 

The method as claimed in claim 3, characterized in 
that, after each measuring interval, the difference 
between the summated value of the logical zeros of 
the measuring channel and logical zeros of the 
working channel or the logical ones of the 
measuring channel and logical ones of the working 
channel is formed, in that the difference values 
are buffer-stored and in that the probability 
function WD(Sv) is determined from the difference 
values . 
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5. The method as claimed in one of claims 2 to 4, 
characterized in that the probability distribution 
(WV, WW) is determined, taking into account the 
second summated values (IE) in the working channel 
and or the summated value (IB) of the bits 
respectively assessed during a measuring interval. 

6. The method as claimed in one of the preceding 
claims, characterized in that measuring intervals 
of different lengths are used. 

7. The method as claimed in one of the preceding 
claims, characterized in that a synchronous 
sampling of the binary signals (BS) takes place. 

8. The method as claimed in one of the preceding 
claims, characterized in that the sampling takes 
place in parallel in a plurality of measuring 
channels with different threshold values (Svl to 
Svn) . 

9. The method as claimed in claim 8, characterized in 
that the sampling takes place in parallel in a 
plurality of measuring channels with different 
threshold values (Svl to Svn) during only one 
measuring interval. 

10. The method as claimed in one of the preceding 
claims, characterized in that in the measuring 
channel the sampling instant is changed after each 
measuring interval. 

11. The method as claimed in one of claims 1 to 8 , 
characterized in that the measurements of the 
probability distributions take place with 
differently set dispersion values. 
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in that the measurement results are buffer-stored 
and in that an at least approximately optimum value 
for the dispersion compensation is obtained from 
them. 

The method as claimed in one of claims 1 to 11, 
characterized in that the probability density 
distribution (P(S), PD(S), PI(S)) is determined and 
criteria for the assessment and/or optimization of 
the signal quality are derived from it. 

An arrangement for monitoring the quality of WDM 
signals, characterized in that a channel selection 
circuit (10) is provided, with which a WDM channel 
is in each case selected and fed after 
optoelectronic conversion to a measuring device 
(13), in that the main signal parameters are 
measured and in that the probability distribution 
of the sampling results is measured in a way 
corresponding to one of claims 1 to 10. 
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I believe i am the original, first and sole inventor (if 
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joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



the specification of which 
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is attached hereto. 
□ was filed on 



PCT international application 

PCT Application No. 

and was amended on 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, inclu- 
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red to above. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch. Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



I acknowledge the duty to disclose information which 
is material to the examination of this application in 
accordance with Title 37, Code of Federal Regula- 
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Ich beanspruche hiermit auslandische Prioritatsvor- 
teile gemass Abschnitt 35 der Zivilprozessordnung der 
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gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
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datum haben, das vor dem Anmeldedatum der An- 
meldung liegt, fur die Prioritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, 
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Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
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Regulations, §1.56(a) which occured between the 
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Absatz 18 der Zivilprozessordnung der Vereinigten 
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wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der vorliegenden Patentanmeldung oder eines 
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I hereby declare that all statements made herein of 
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made on information and belief are believed to be 
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ment, or both, under Section 1001 of Title 18 of the 
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